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INTEODUCTICN 
The Insecticide Problem 
Increasing food production while controlling food pests 
is a major picblem confronting today's society. Since 1945, 
various synthetic organic chemical insecticides have been ef­
fectively used tc increase food production with limited con­
sideration of possible long term effects on man or the envi­
ronment. Our agricultural economy is heavily dependent upon 
the benefits cf these insecticides with selection and appli­
cation determined fay several factors: the cost of 
insecticides, labor involved in application, number of appli­
cations required, and the efficacy cf the insecticide. Sev­
eral applications may be required when nonpersistent 
insecticides are used. The total expense involved in using 
nonpersistent insecticides may be greater due to the required 
reapplicaticn and greater costs for the insecticide. Some 
persistent insecticides have a greater efficacy and this 
factor along with the economical factor contributes greatly 
to the continued use of persistent pesticides. However, the 
nonpersistent characteristic of some insecticides provides 
for detoxification of potentially toxic material. Thus, an­
other dscisioE must te made between using nonpersistent 
insecticides and persistent insecticides which result in 
tcxic accumulations. 
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The O.S. Department of Agriculture (1969), Food and Drug 
Administration (FDA), and more recently the Environmental 
Protection Agency (EEA) have been investigating the effects 
of synthetic insecticides in the environment and potential 
health hazards resulting from cumulative exposure. During 
the last five years, the Behavioral Toxicology Laboratory at 
Iowa State University has been investigating the behavioral 
and electrophysiological effects of acute and chronic 
dieldrin exposure in sheep. Dieldrin is a commonly used 
chlorinated hydrocarbon insecticide. Dieldrin also results 
as a breakdown product of aldrin, a widely used chlorinated 
hydrocarbon insecticide. Although the application of 
dieldrin has keen declining, the chemical longevity of this 
insecticide permits the chemical to accumulate in the envi­
ronment, and the envircnmental accumulation represents a po­
tential health hazard to humans and other animal forms. 
Several factors are important in the residual accumula­
tion cf dieldrin. Chlorinated hydrocarbon insecticides are 
fat-soluble and tend to accumulate mostly in body fat 
(Badeleff, 1964; Richardson & Foter, 1966; Robinson, Roberts, 
Baldwin, & Walker, 1965; Jager, 1970). The primary site of 
action is the central nervous system (CMS) (Jager, 1970; 
Bcbinscn, Roberts, Baldwin, 5 Walker, 1969). Small amounts 
cf dieldrin in the brain result in massive stimulation of the 
CNS and eventually death (Hathway, 1965; Schafer, 1968; 
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Robinson & Hunter, 1S66; Jagec, 1970). The toxicoses within 
a particular animal is related to the storage capacity avail­
able in adipose tissue (Jager, 1970). A low storage capacity 
results in higher blood levels with mere acute signs of 
toxicoses. Thus, underfed animals are more susceptible to 
dieldrin toxicity than well fed animals (Jager, 1970). 
Dieldrin is transported in blood via protein molecules and is 
distributed slowly in nonlipid tissues (Morgan 6 Roan 1970; 
Eichardson, lene, Gardner, Peeler, S Campbell, 1967; Jager, 
1S70). Residues within various body tissues differ with 
successively greater residue levels in blood, brain, liver 
and adipose tissue (Sotinscn, Roberts, Baldwin, 6 Walker, 
1S69) . 
Dieldrin accumulation within adipose tissue is a signif­
icant problem in the food chain. Small amounts of dieldrin 
are ingested fcy lower organisms and stored in their lipid ma­
terials. As higher level predators ingest these lower organ­
isms, progressively greater accumulation results. Since man 
is at the top of the food chain, it is essential to investi­
gate the effects of dieldrin residue levels on human perform­
ance and set tolerance levels for human consumption (Stoner, 
1964} . 
The variation in tissue residues associated with 
clinical signs has created seme difficulty in establishing 
tolerance levels. Seme species are more susceptible to 
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dieldrin (Jager, 197C). For example, Treon and Cleveland 
(1955) reported that dogs were more susceptible to dieldrin 
than rats. Even within a species considerable residue varia­
tion was reported by Stickel, Stickel, and Spann (1969) in 
mammals and birds. Quail were fed diets containing 250, 50». 
10, and 2 parts per million (ppm) dieldrin for up to 158 
days. After 50% of each group died, the other 50% were 
necropsied for comparison of residues in dead and survivors. 
Although exposure time before death was strongly correlated 
with dosage levels, residues in dead quail were not correlat­
ed with dosage. The first fatalities had considerably less 
dieldrin in tie brain than later fatalities with brain 
âieldrin residues in dead and survivors overlapping consider­
ably. 
Most residue studies in man involve cases of accidental 
or industrial exposure. Acute exposure to dieldrin induces a 
FiUmber of clinical symptoms which are determined by dosage 
level and mode of exposure: apprehension, hypersensitivity 
(Badeleff, 1964; Jager, 1970), muscular fasciculations and 
clonic-tcnic seizures (Princi, 1957; Spiotta & Winfield, 
1S52; Ccnley, 1960; fiayes, 1957, 1959; Garrettson S Curley, 
1969), and blurred vision and dizziness (Hayes, 1957; Jager, 
1970). Neurophysiolcgical disturbances, tremors and 
epileptiform convulsions are correlated with fat biopsies in 
excess of 100 ppm (Schafer, 1968). A comprehensive study of 
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tlocd dieldrin levels revealed that 15 parts per billion 
(ppb) dieldrir. and above characterized industrial exposure, 
while tlcod dieldrin levels in control samples were under 5.0 
ppb (Sobinscn £ Hunter, 1966). 
Although some of the effects of acute exposure to 
dieldrin are known, relatively little is known about its mode 
of action on the CNS (Frazer, 1967; Richardson & Foter, 1966; 
Morgan 6 Roan, 1970; Jager, 1970). Dieldrin is a 
ceurotoxicant which alters the electrical activity of the 
central nervous system when given in high dosages (Conley, 
1S60; Hayes, 1S65; Jager, 1970). In recording cortical 
electroencephalograms, bursts or spindles of high amplitude 
slow waves preceded clinical toxicoses (Van Gelder, Sandler, 
Euck, Maland, 6 Karas, 1968; Van Gelder, Buck, Sandler, 
Kaland, S Karas, 1969). Other studies (St. Omer, 1971; St. 
Cmer 5 Ecofcichon, 1971) have investigated the mechanisms re­
sponsible fcr seizures induced by chlorinated hydrocarbon 
insecticides. Following intracarotid administration of 
dieldrin, brain ammonia levels increased significantly and 
the concomitant convulsive seizures may have resulted from 
the inefficiency of converting the ammonia into glutamine. 
The previous studies have concentrated on general cortical 
changes. However, more detailed work should be done on spe­
cific brain areas to investigate possible functional changes. 
For example, when birds were exposed to endrin, a 
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cblcrinated hydrocarbon insecticide similar in structure to 
dieldrin, specific EEG changes were noted in the ectostriatum 
{visual projection area) of the avian telencephalon (Revzin, 
1566) . 
Behavioral Techniques for Toxicclogical Evaluation 
Since dieldrin at high dosages severely disrupts 
neurological functioning and behavior and often results in 
death, the effects of lower dosages need to be assessed, es­
pecially subtle behavioral changes. Evaluation of subtle be­
havioral and physiological changes is a major problem in 
toxicology (Buffin, 1963). The lack of experimental 
techniques for evaluating behavioral changes prior to 
clinical toxicoses is primarily the result of inexperience 
(Medved, Spynu, & Kagan, 1964). Many behavioral tasks can 
readily be inplemented. However, when using chronic low ex­
posures, some techniques may be insensitive to subclinical 
changes, for example, Medved, Spynu, and Kagan (1964) re­
ported changes in "conditioned behavior (conditioned 
reflexes)" below levels required for physiolcgical or chemi­
cal changes in liver and carbohydrate metabolism. Goldberg, 
Johnson, Knaak, and Smyth (1963), however, reported that be­
havioral changes (avoidance conditioning) coincided with 
chenical changes in the brain. Thus, the type of task se­
lected can affect the behavioral sensitivity of the 
tcxicological evaluation. 
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In some cases, distinctions should be made between tasks 
that ar€ apprcpriate for acute and chronic toxicological 
studies. Acute toxicological studies typically use high 
dosages to investigate severe effects of the drug. In most 
drug cases, such dosages completely disrupt the normal behav­
ior of the animal. Generally chronic toxicological studies 
use lower dosages to study the long-term or more subtle 
effects of the drug. In some cases, the drug may not affect 
performance of a task already learned. However, it could 
retard learning of a new task. If the drug has no effect on 
performance of a task learned before exposure began, then a 
new task requiring a different response should be introduced 
to evaluate other possible toxicological effects. In addi­
tion, different tasks using positive and negative reinforce­
ment should be implemented to evaluate possible motivational 
changes. 
The primary goal of the experimental psychologist in­
volved in behavioral toxicology research is to devise a task 
which is sensitive to chronic exposure. The analytical tools 
for behavioral studies must be refined just as analytical 
tools in bicchemistry and neurophysiology have been refined. 
After the most efficient techniques have been developed, they 
can be used to investigate the mechanisms of action and, 
ultimately, ccvariaticns among biochemical, neurophysiologi-
cal and behavioral effects could be specified (Thompson & 
8 
Schuster, 1S66). 
Several experimental techniques have been shown to be 
sensitive tc dieldrin exposure, Khairy (1960) fed albino 
rats a diet containing 25 or 50 ppm dieldrin and reported de­
creases in latency in a straight alley. However, the de­
crease in latency appeared only after the rats were required 
to lift 40 and 50 gram weights via pulleys, Sandler, Van 
Gelder, Elsbetry, Karas & Buck (1969) devised a vigilance 
task for sheep in a food reward operant situation. Four 
sheep were exposed daily to 20 mg/kg dieldrin. The number of 
correct responses decreased during exposure and returned to 
normal during the recovery period. The performance of one 
animal showing marked clinical signs did not return to pre­
exposure levels. 
In subsequent studies, a dose-response curve for the 
vigilance task was calculated on the bases of four exposure 
levels (Van Gelder, 1971). The average number of days before 
performance fell belcw 70% was plotted against each dosage 
level. The nearly linear relationship between log dosage and 
cumber of days tc performance decrement showed that a pro­
gressively greater number of days was required to produce a 
behavioral decrement at lower drug levels (0.5 mg £- 2.5 mg) 
than at higher drug levels (5.0 mg S 20.0 mg), 
In an escape-avoidance experiment by Van Gelder, Buck, 
Sandler, Maland, S Karas (1969), sheep were trained cn a two-
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choice visual discrimination task. The animals were divided 
into an experimental group (N = 3) and a control group (N=3) ; 
the experimental group received 10 mg/kg dieldrin daily and 
the control gicup received a placebo. Dieldrin exposure 
interfered with the relearning of simple geometric symbols, 
and increased the latency to respond. 
Since dieldrin affected visual retention, a preliminary 
study (APPENDIX B) using six sheep was undertaken to investi­
gate their ability to learn and relearn visual problems while 
teing exposed to dieldrin. A two-chcice operant visual dis-
crinination task was inplemented with corn as the reinforce­
ment. The animals learned two problems before exposure. 
Ihree animals were exposed to 5.0 mg/kg dieldrin daily and 
three served as unexposed controls. The animals learned a 
third problem before relearning the first problem. Dieldrin 
exposure retarded learning of the third problem and retention 
c.t the first problem. 
Sheep as Experimental Animals 
Reports cf behavioral research involving sheep are 
scant. Liddell (1925) compared the acquisition behavior of 
sheep and goats in a two choice maze. Both animals learned 
the maze equally well, with the sheep displaying more nervous 
behavior. When shock was used in a conditioned reflex 
paradigm? the learning rate was slower in sheep than in dogs 
and pigs. In addition, the timidity and flock oriented be­
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havior probably interfered with learning (Seitz, 1951; 
Gardner, 1945). Gardner (1945) also commented on the slow 
rate of learning in sheep on a simple three choice discrimi­
nation. When performance was compared with other domestic 
animals, the sheep fell below cows, pigs, dogs, and horses, 
However, in the testing situation, the animal had to push a 
lid off a box to gain access to grain. This manipulative re­
sponse was easier for cows and horses and may account for 
their mere rapid learning. 
The effect of tbe difficulty of the manipulative re­
sponse was mere clearly shown in a study conducted at the Be­
havioral Toxicology Laboratory. Using two different operant 
responses, the acquisition rates for learning a Fixed Inter­
val (FI-30 seconds) operant task were compared. One operant 
response required the sheep to press a floor pedal with its 
head or foot. The other operant situation required the 
animal to place its head in a small rectangular box contain­
ing a photo cell device. Interruption of the light team by 
lowering the head served as the response. The animals 
trained with the photo cell device showed faster acquisition 
rates than the animals trained with the floor pedal. The 
floor pedal like the manipulative response of Gardner (1945) 
required physical pressure and appeared to be more difficult 
to learn than a simple head nodding response. 
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Using a two choice visual discrimination task, Seitz 
(1951) found that the East Prussian Prairie Sheep adapted 
very well to a visual testing situation. Females adapted 
mere readily to the testing situation than males and were 
willing to work for food (bread, lettuce, turnips) fcr sever­
al hours at a time. The sheep performed very well on shape 
discrininatioE involving circles, squares, triangles and 
crosses, changes in shape were more readily discriminated 
than color changes. 
Maland (1968) also reported on shape discrimination in 
sheep. Two geometric symbols were presented simultaneously 
in a Y-maze apparatus and the sheep had to approach the 
correct symbol to avcid or terminate a mild electric shock. 
All animals learned a discrimination involving a circle and 
triangle within 30 days. The learning period was prolonged 
iy position habits. In other recent studies, sheep have also 
keen trained cn shuttlebox avoidance (Sussman, 1307), detour 
tasks (Sandler, Van Gelder, Buck, 6 Karas, 1969), and the 
previously mentioned vigilance task (Sandler, 1968). Thus, 
sheep can learn to perform in different testing situations 
when adequate habituation and training procedures are imple­
mented. 
Visual Discrimination in Animals 
Since the investigation of visual perception in sheep 
has been limited (Seitz, 1951; Maland, 1968; Gardner, 1945), 
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the selection of appropriate visual stimuli for a discrimina­
tion task required fundamental consideration of visual stimu­
li. Studies cf visual discrimination in other animals were 
reviewed to ccmpare types of stimuli used and to rank the 
stimuli in difficulty. Sutherland (1961b) and Macintosh and 
Sutherland (1969) have excellent reviews of the research 
dealing with shape discrimination in animals. The visual 
ability of animals seems to reflect phylogenetic differences 
within the animal kingdom (Sutherland, 1961b). k discrimina­
tion between triangles and circles has been reported in 
chickens (Katz 6 Eeves, 1908; Bingham, 1913), crows (Coburn, 
1914), rats (fields, 1932), raccoons (Fields, 1936), cats 
(Smith, 1934), monkeys (Neet, 1933; Andrew 5 Harlow, 1948), 
sheep (Seitz, 1951; Kaland, 1968), and octopi (Sutherland, 
1958, 1959) . ïhe discrimination of vertical and horizontal 
striaticns is readily learned by rats (Lashley, 1938; 
Eitterraan, Calvin, & Eiam, 1953; Sutherland, 196îb) dogs 
(Karn S Hunn, 1932) chimpanzees (Nissen & McCulloch, 1937) , 
and octopi (Sutherland, 1957, 1961a). 
Using oiJigue striaticns, Sutherland (1957) found that 
the octopus cculd not discriminate between mirror image 
cblique striaticns. However, when paired with either a 
horizontal or vertical striation stimulus, the octopus could 
learn the discrimination. In rats, Lashley (1938) found that 
ctligue striations were more difficult to discriminate than 
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hcrizcntal and vertical striations. Goldfish also have 
greater difficulty with oblique striations (Macintosh 6 
Sutherland, 1S69). The performance of cats on this discrimi­
nation is slightly better than the performance of goldfish 
(Macintosh & Sutherland, 1969). Nissen and McColloch (1937), 
however, found that chimpanzees could discriminate both prob­
lems. Performance on both problems was almost equal, except 
that one animal (N=4) failed to master the oblique 
striations. 
Eiscriminations involving mirror-images and 180° rota­
tions are the most difficult for all animals. A mirrcr-image 
is created by rotating the figure 180° about a horizontal or 
vertical axis such as F vs ^ . A 180° rotation occurs when 
the figcre is rotated about an axis which is perpendicular to 
the plane of the shape such as F vs t (Sutherland, 1961b). 
Many experiments have used figures that are at the same 
time mirror-inages and 180° rotations of one another. These 
experiments indicated that animals have more difficulty 
discriminating along the horizontal axis ( C vs 13 ) than 
along the vertical aais ( U vs H ) (Lashley, 1938; Kirk, 
1936). For example, monkeys (Harlow, 1945) and cats (Warren, 
1969) learn n vs iJ more easily than CI vs 3 (lateral 
inversion). 
During a preliminary operant visual discrimination study 
in the Behavioral Toxicology Laboratory, a series of discrim­
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ination prcblems (AFEENDIX E) were presented to three sheep. 
The sheep had 20 seconds to make a correct response to gain 
access to corn. All animals learned six problems: 1) O vs 
A ; 2) + v£ V ; 3) = vs |||| {horizontal and vertical 
striations); 4) ^  vs (oblique striations or mirror 
images) ; 5) D vs 'O' (rotation) ; 6) U vs | | 
(horizontal inversions). The rotation problem appeared tc b 
the easiest, while the horizontal-vertical striation problem 
was easier than the mirror image oblique problem. However, 
no animal mastered a lateral inversion problem ( (H vs U ) 
within 20 days. Thus, the performance of the sheep was simi 
lar to other higher mammals with the most difficult problem 
being lateral inversions. 
Purpose 
Since behavioral and physiological changes have been ob 
served with exposure to dieldrin (Hayes, 1965; Conley, 1960) 
it was decided to investigate the possibility of subtle be­
havioral chances due to chronic low exposures. The behavior 
al disruption noted ty Maland (1968) suggested the possibili 
ty of an underlying functional change. The decrease in re­
tention of a visual discrimination problem in sheep exposed 
tc dieldrin suggested that dieldrin affected normal visual 
processing. Since only six animals were trained with three 
animals being exposed to a high drug level, the sensitivity 
cf the visual task for lower drug levels was not evaluated. 
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In addition, the escape avoidance task in the Y-maze was very 
laborious and time consuming. Therefore, a two-choice visual 
discrimination task was implemented for the present study 
using corn as a positive reinforcer. A preliminary study 
using six aninals found that dieldrin (5 mg/kg) retarded 
learning of a new visual problem, as well as, interfered with 
retention of a previously learned problem (APPENDIX E). 
The present study was undertaken to further investigate 
possible deleterious effects of chronic low dieldrin exposure 
on a visual discrimination task in sheep. The sensitivity of 
the behavioral task was evaluated by using three drug levels 
(5.0 mg/kg; 2.5 mg/kg; and 0.5 mg/kg) and comparing perform­
ance to a ccntrcl group. It was hypothesized that dieldrin 
would retard acguisition of new visual problems and inhibit 
retention of a previously learned problem with the degree of 
interference being positively related to the dosage. Four 
dependent variables (latency of correct responses, latency of 
incorrect responses, number of correct trials per day, number 
of days to criterion for each problem) were analyzed to eval­
uate the sensitivity of different psychological indices. 
Since prior studies in mammals (Stickel et al., 1969) 
indicated a considerable overlap in dieldrin tissue residues, 
the present study also determined blood dieldrin residues at 
the three drug exposure levels. It was hypothesized that 
higher blood dieldrin levels should indicate a greater degree 
16 
of interference with learning and retention of a visual dis-
ciiiiination. In addition, a dose-response curve based the 
number of days to criterion was calculated for each problem. 
Since the dosage levels are progressively higher, the reten­
tion of dieldrin within the animal's system should be greater 
for the higher dosage group. This higher accumulation of 
ceurotoxic material should more adversely affect retention 
and learning. It was hypothesized that a linear relationship 
should exist between log dosage and number of days for learn­
ing all prctlems. 
17 
METHOD 
Subjects 
Twenty-four two-year old ewes of Coiumbia-Rambouillet 
cross (weighing between 34-59 kg) were obtained from the 
flock maintained by the Behavioral Toxicology Laboratory lo­
cated at the Iowa State University Veterinary Medical Re­
search Institute. They were given hay, soybean oil meal and 
corn after the daily run. Each animal received approximately 
230 grams of corn and 90 grams of soybean meal every day. 
This diet had been used successfully as a maintenance diet in 
previous behavioral work at the Behavioral Toxicology Labora­
tory with animals gaining approximately 2.2 kilograms a year. 
The animals were housed as a group and had continual access 
to water. 
Apparatus 
An operant charnier previously constructed for sheep was 
eguipped with tvc back projection screens (see Figure 1). 
Background noises were masked by white noise (76 ±1 dk). A 
Kodak Carousel AV-90C projector (D) was used to project the 
slide mounted stimuli. The glass-mounted slides of a pair of 
stimuli were projected onto two 35 x 28 cm mirrors (Ej which 
reflected the stimuli ( 20 x 20 cm) onto the 35 x 58 cm 
projection screens (C), Figure 2 is a diagram of the photo­
cell response box (hereafter referred to as response box). 
The animal made its response by interrupting a 
Figure 1. Operant chamber for visual discrimination task. 
The chamber dimensions are given in cm except 
where noted. The enclosed chamber was constructed 
of grey painted plywood inside. The walls were 
12.7 cm thick and filled with glass wool 
insulation. The outside walls were covered with 
pecfaoard. White noise was introduced into the 
chamber to reduce the effects of noise 
transmission. The asymmetry of the distance from 
the food hopper (a) to the response boxes (b) re­
sulted frcm the design of the feeding device lo­
cated outside the chamber. A closed circuit 
televisior camera (f) monitored the activity of 
the animal. The projection screens (c) were 
positioned in the wall directly in back of the re-
spcnse boxes. The mirrors (e) were used to posi-
ticn the stimuli from the slide projector on the 
prejection screens (c). The door (g) opened into 
the chamber and provided easy access for changing 
animals. 
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figure 2. resign of response box. The boxes were 
ccnstructed with 12.69 mm plywood and covered with 
sheet metal aluminum. All dimensions are given in 
centimeters. The animal made its response by 
placing and withdrawing its head into the opening. 
Ike photo cell (a) positioned 6.4 cm inside the 
the response box was illuminated by a light source 
(fc). A signal generated by a change in the photo 
cell from nonillumination to illumination was 
electrically decoded and activated a solenoid (c) 
ncise source mounted inside the response box. The 
box was designed to be placed in the corner of the 
chamber. The side wall (d) of the response box 
was attached to the box with a piano hinge. This 
design facilitated servicing the inner components. 
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light beam (A) mounted inside the response box. A sclenoid 
within the response box was activated when the animal 
withdrew its head. Ihis clicking noise served as response 
feedback to the animal. A correct response (interrupting the 
light beam) triggered solid state logic and resulted in rein­
forcement. Ihe operant feeding device developed by Sandler, 
Van Gelder, Karas, and Buck (1971) was modified so that the 
sheep cculd readily gain access to the eating area from both 
sides of the food hopper (Figure 3). Massey-Dickinscn 
modules were used to program the behavioral sequence. The 
visual stimuli (Figure 4) were presented for a maximum of 20 
seconds. The visual patterns appeared as white stimuli on a 
black background. The back projection screens were 
illuminated with a white stimuli and black background. A 
rectangle was placed above the correct symbol. Illumination 
cf a photo cell mounted above the right external projection 
screen indicated the position of the correct stimulus to the 
logic control system. The first slide and each alternate 
slide was covered with aluminum foil so that light would not 
te projected cnto the projection screens. The aluminum 
covered slides were projected during the 15 second inter-
trial interval. 
The animal was required to respond at the response box 
in front of the correct stimulus. After a correct response, 
the animal could eat corn from the hopper for five seconds. 
figure 3. Modified food hopper designed for operant 
chamber. All dimensions are given in centimeters, 
A false plate over the eating area permitted corn 
tc fall into two retaining areas. A hinged cover 
ever the retaining areas allowed easy access for 
cleaning and servicing. When the hopper was in 
the up position, corn from the retaining area was 
scattered into the middle retaining area and on 
the false plate. The animal could eat corn from 
either side of the hopper. In the down position, 
the corn fell down into the middle retaining area. 
The hinged top plate covered the corn and 
prevented animals from eating during non-
reinforced periods. 
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Figure 4. Visual stimuli for discrimination task 
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Any response (correct or incorrect) terminated the trial. A 
Kassey-Dickinscn numeric printer automatically recorded the 
response (correct or incorrect) and the trial latency (to 
nearest tenth of a second). A diagram and flow chart of the 
ccntrcl program are given in Figures 5 and 6. 
Procedure 
Habituation of the naive animals lasted approximately 
three weeks. During this period, animals were placed in the 
operant chamber and were given corn in the food hopper. The 
food hopper was raised and lowered until the animal readily 
approached the food topper. A small amount of corn was then 
placed in cne response box and the animal was trained to 
insert its nose into the box to gain access to the corn in 
the food hopper. During this shaping procedure, only one re­
sponse box was present and the position of the response box 
was alternated on successive days. The performance criterion 
was 30 reinforcements within 10 minutes. When the animal met 
the performance criterion at the left and right response 
boxes, light-cark discrimination training was initiated in a 
cimly lighted chamber ( two 100 watt incandescent bulbs at 
40-50 volts A.C.). Cne projection screen was illuminated 
until the aniûal made a correct response and received a rein­
forcement. Each animal received 30 trials a day with the po­
sition of the lighted screen (correct stimulus) being deter­
mined by Gellermann (1933) orders (APPENDIX A) . The criteri-
Figure 5. Elcck diagram of visual discrimination program, 
Ihe program sequence was dependent on the posi­
tive (/h ) and negative ( ) impulses. The start 
of the visual discrimination program was initiated 
with a negative going pulse. This pulse reset the 
trial counter (P.E.M.) and triggered the slide 
projector. The positive going impulse from the 
termination of the 15 second inter-trial inter­
val, triggered the slide projector and projected 
the stimuli for up to 20 seconds. The first re­
sponse during the stimuli presentation terminated 
the stimulus slide and initiated another 15 second 
inter-trial interval. The latency response was 
generated by pulsing the printing unit with 0. 1 
second negative pulses from the programmable 
clock. The printer added the pulses and printed 
the total or latency as well as the category of 
the response (correct or incorrect) . Three 
printer channels were used to record the latency 
score. One channel each was used for correct and 
incorrect responses, a response triggered one 
pulse and the printer recorded a "1" in the 
approprite printer column. The print signal auto­
matically cleared all printer channels. Since the 
mechanical operation of projecting the slide was 
slower than the electronic circuitry of the 
modules, a 2 second delay was introduced between 
the signal ( 4^ ) to present a stimulus slide and 
the actual slide presentation. This increased the 
program's temporal accuracy and inhibited 
recording spontaneous responses during this brief 
interval. The right and left photo cells located 
in the response boxes were illuminated by a light 
beam (6.3 volts D.C., .5 amps). A response 
interuptec the beam and the voltage transition re­
sulting from non-illumination to illumination 
triggered the Schmitt triggers on the program. 
Lec end 
EEÉ: Pre-set electromechanical counter; II: 
Indicator inverter; TB: Time base; OC: Output 
control; CB: Or Gate; I-AND: Inhibited and 
gate; IMC: Input modifier delay; PTM: Precision 
tine multiplier; M: Memory; AND: And gate; S-
T: Scfamit trigger; PC: Programmable clock; SD: 
Solenoid driver. 
28 
ZO.O 
JLB. 
15.0 
20.0 
xa A N O  X£. 
OA 
Od 
TB 
Fooo HoPPeP, 
5.0' 
figure 6. Flew chart cf program logic for visual 
discrimination program. The stimuli were present­
ed for a maximum of 20 seconds. Any response ter-
airated the stimuli and a latency score was auto­
matically printed. The position of the correct 
stimulus was indicated to the programming equip­
ment via a photo cell and a correct response re­
sulted in reinforcement. The daily run consisted 
of 40 trials a day with 15 seconds between succes­
sive trials. 
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en for this light-dark discrimination was three successive 
days in which the animal made less than 50 responses per day. 
Erevious trailing procedures using a less stringent criteri­
on decreased the time required for shaping behavior but also 
decreased rate of learning on the initial discrimination 
problem. 
There were three phases in the experimental procedure 
(Table 1). Curing the first phase, all animals learned prob­
lems one and two. The learning criterion was three succes­
sive days in which performance was at or above 70%, During 
the second phase, the animals received seven days of dieldrin 
exposure before training on the third and fourth problems. 
This time period allowed dieldrin to be absorbed by the 
animal's system. Daily oral exposure continued during the 30 
day time period allowed for learning problems thuee and four 
and was administered after the daily run. During this phase, 
six animals were given 5 mg dieldrin/kg, six animals were 
given 2.5 mg dieldrin/kg, and six animals were given 0.5 mg 
dieldrin/kg. The remaining six animals served as unexposed 
ccntrcls and received empty gelatin capsules. The perform­
ance criterion for phase two was 70% for three successive 
days or training for 15 days. If the animal met the problem 
criterion before 15 days, training on the next problem was 
net initiated until the 15 day time period elapsed. In the 
third phase, exposure was continued while the animals 
Table 1. Experimental procedure. 
Number Phase I Phase II Phase III 
of 
Group Subjects Problem 1 Problem 2 Treatment Problem 3 Problem 4 Problem 2 
1 6 Placebo -
- — 
2 g U * 5 ing " " 
3 £ . _ o 
A H D 5.0 mg 
Days 1 7 22 37 47 
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xelearned prcllem twc. The performance criterion for phase 
three was 70% for three successive days or retraining for 10 
days. In the 5.0 mg group, one animal (458) displayed marked 
clinical signs. Exposure was discontinued for one week and 
then continued every fourth day. This exposure procedure was 
also used for sheep 463 and 461 during the last 16 days of 
exposure. This procedure was initiated to prevent data 
attrition and preserve the experimental design. 
During the secocd and third phases, blood samples were 
taken weekly and analyzed for blood dieldrin levels according 
to the method developed by Henderson, DeBoer and Stahr 
(1971), Control samples for each animal were collected at 
the end of phase one. 
Analysis of Results 
For each animal, each dependent variable was regressed 
cn orthogonal pclynoniials representing trials. The dependent 
variables were: the mean latency of the correct responses, 
the mean latency of the incorrect responses, the number of 
correct trials per day, and the number of days to criterion, 
A data transformation program converted the number of correct 
trials per day to the arcsin square root of the proportion of 
correct trials out of 40. 
The orthogonal polynomial fitted for the animal 
requiring the largest number of days for learning was used 
for all animals so that the calculated regression coeffi­
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cients ïere on the same scale. The dependent variables were 
regressed against coefficients representing linear, quadratic 
and cubic trerds acrcss days. These coefficients were or­
thogonal only for the animal requiring the largest numoer of 
days. Also included in the analyses for each animal were in­
dependent variables representing the various problem treat­
ment ccmbinaticns: 1) a comparison between learning problem 
two without dieldrin and relearning problem two under 
dieldrin; 2) a comparison between learning problem one with­
out dieldrin and learning problems three and four under 
dieldrin; 3) a comparison of the learning of problem two 
with problems one, three, and four; 4) a comparison of the 
learning of problem three under lower dieldrin levels with 
learning of problem four under higher dieldrin levels. 
Further analyses were carried out on the trends from the 
regression analyses. This technique (Alexander, 1946; Grant, 
1956) enabled an analysis of data from the complete series of 
trials and conparison of performance between animals run a 
varying number of trials or animals with incomplete data for 
some trials. In the description and discussion of results, 
only results aeeting the following criteria were considered; 
1) the f-ratic for the effect exceeds the 0.05 level and 2) 
the variance component for these significant effects exceeds 
the variance component of the error term for that effect. 
For example, if the expected mean square for particular 
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effect is c| + no^ + naK^ while the error term expected 
mean square is of + no^, the K| must be greater than c^. 
In ether words only those effects which are "substantial" as 
well as significant were considered, A substantial effect is 
defined as one which produces differences at least as great 
as the differences routinely observed among animals indepen­
dent of the treatment. 
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RESULTS 
Table 2 shows the F-ratios obtained by regression for 
each animal. A significant F-ratio indicates that a good fit 
was obtained on the regression analyses. A poor fit was ob­
tained on the regression analyses of the latency scores of 
the individual animals, and no further analyses were done on 
the latency scores. A good fit was obtained on the 
transformed scores from the number of correct trials per day. 
Eifferences in slopes between treatment groups were analyzed 
fcy an analysis of variance on the regression coefficients. 
The ccŒfaiisoES made between treatment effects were cthcgcnal 
ccmparisons with cnly the first and forth comparisons being 
relevent ccmparisons. No rationale except the requirement 
for othogonal comparisons existed fcr comparisons two and 
three. Additional analyses compared linear, quadratic and 
cubic trends. Two atalyses met the F-ratio criterion for 
significance. However, the variance component for the treat­
ment effect did not exceed the error variance component. 
Thus, the substantial criterion was not met. 
An analysis of variance was done on the square root of 
the number of days tc criterion for each problem (Table U). 
The effects fcr Treatments and Problems were significant and 
differences among the individual means were tested using 
Duncan's Multiple Range Test (Edwards, 1960). 
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The data shown in Table 5 indicated that performance 
(number of days to criterion on problem being learned) of the 
5 mg/kg group was significantly below performance of the con­
trol and 0.5 Kg/kg group (p<.01). Performance differences 
between the other treatment means were not significant 
(p<.01)  .  
Duncan's Multiple Range lest (see Table 6) showed that 
the learning rate on problems 2, 3, and 4 did not differ sig­
nificantly. However, learning problem one reguired signifi­
cantly more days than learning all other problems (p<.01). 
Ike performance on problem 5 was significantly better than 
performance en problems 3, 4, and 1. Since problem five is 
the relearning of problem two, the performance on a previous­
ly learned task was very good. 
Shown in Figure 7 are the range and mean of the days to 
criterion on each problem for each drug group. While the 
mean number ot days to criterion for problem two of each 
group was ver^ similar, the means of problem three and four 
started to diverge during the exposure period. 
Since blcod dieldrin samples were collected once a week, 
two blood samples were collected while the animals were 
learning both problems three and four. The two blood 
dieldrin samples for each problem were positively correlated 
with the number of days required to reach criterion on the 
problem (Table 7). Ihe correlations between the number of 
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lable 2. F-ratios obtained from regression analyses of 
individual animals on three dependent variables 
sheep of 
latency 
correct 
latency 
incorrect 
correct trials 
per day 
controls 
452 
470 
451 
475 
464 
495 
16 
2 3  
24 
25 
27 
53 
3.65 
1.89 
2.03 
1.99 
3.22 
0.79 
1 . 6 0  
0.51 
0. 75 
0.79 
1.94 
0.96 
6 . 6 0 *  
7.98* 
7.56* 
7.41* 
6.56* 
5.57* 
C.5 mg/kg 
495 
476 
479 
485 
473 
482 
15 
33 
26 
25 
31 
34 
4.50* 
0.79 
2.91 
3.44 
1.48 
0 . 8 0  
2 .  1 1  
0.96 
1.85 
2.09 
0.87 
0.97 
6.07* 
5.57* 
6 . 2 1 *  
6 . 0 0 *  
6.58* 
4. 14* 
2.5 mg/Kg 
486 
469 
487 
47 4 
458 
20 
26 
36 
31 
43 
25 
2.40 
2.91 
0. 76 
1.48 
0 .  6 0  
3.44 
1.99 
1.85 
0. 95 
0.87 
0.82 
2.09 
7.47* 
6 . 2 1 *  
3.77* 
6.58* 
4.15* 
6 . 0 0 *  
5.Û mg/kg 
466 
463 
457 
484 
461 
450 
45 
42 
3 1 
32 
48 
38 
0.67 
0.56 
1.48 
1 . 0 1  
4.47* 
4.98* 
0.98 
0.82 
0.87 
0.90 
13.49* 
1 0 . 6 1 *  
4.62* 
4.29* 
6.58* 
6,50* 
4.47* 
4.90* 
* p<.01 
days to criterion for problem four and five and the blood 
dieldrin levels were significant. Thus, animals with higher 
39 
âieldrin levels also required more time to learn problem four 
and relearn ficblem two. 
The correlations between weekly blood dieldrin levels 
Jppb) and body weight are presented in Table 8. All correla­
tions were negative and several were statistically signifi­
cant. Thus, heavier animals tended to have lower blcod 
dieldrin levels. 
The leg dose-response curve calculated for problem four 
is shown in Figure 8. The number of days to criterion for 
each dosage level yas used to calculate the regression curve. 
A good fit was obtained on problem four while a poor fit was 
obtained cn problem three and five (Table 9). 
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labia 3. Analyses of variance on regression coefficients 
derived from analysis on number of correct trials 
per day 
1. Learning problem two without dieldrin compared to 
releatning problem two under dieldrin. 
Source df 
Treatment 3 
Error 20 
lotal :3 
SS MS 
0.C08714 0.002904 
0.106940 0.005347 
C. 115654 
F 
0.5.34 
Learning problem one without dieldrin compared to 
learning problems three and four under dieldrin. 
Source df 
Treatment 3 
Error 20 
Total 23 
SS 
C.CO 1921 
0.005705 
C.C0762Ô 
MS 
0.CC0640 
0.000292 
F 
2. 102 
Learning problem two compared to learning problems 
one, three and four. 
Source df 
Treatment 3 
Error 20 
Total 23 
SS 
C.003261 
0.004491 
C.C07517 
MS 
0 .001008  
0.000224 
Variance 
F Component 
492* 0.000131 
0.000224 
4o Learning problem three under lower dieldrin level 
compared to learning problem four under higher 
dieldrin levels. 
Source df 
Treatment 3 
Error 20 
Total 23 
SS 
C. 041649 
0. 070527 
C. 112176 
MS 
0,013883 
0.003526 
Variance 
F Component 
937* 0.001726 
0.003526 
*p< .025 
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la^le 
C 
3 (ccDtinued) 
Linear trend over days. 
Source df 
Treatment 3 
Error 2 0 
Total 23 
SS 
0.031150 
C.536665 
C.567821 
MS 
0.010385 
0.026833 
F 
0.301 
Cubic trend over days. 
Source df 
Treatment 3 
Error 20 
Total 23 
SS 
C.C12810 
C.CS9869 
C.112679 
MS 
0.C04270 
0.004993 
F 
0.855 
7. Quadratic trend over days. 
Source 
Treatment 
Error 
Total 
df SS 
3 O.C0000045 
20 O.C0CO1549 
23 0.00001595 
as 
0.00000015 
0.00000077 
F 
0.197 
Table 4. Analysis cf variance on the square root of 
the number of days to criterion for each problem 
Source df 
Between 
Treatment 3 
Error (a) 20 
H ithin 
Etcblems 4 
T X P 4 
Error (b) EC 
SS 
4. 135 
5.996 
33.549 
4.628 
19.421 
MS 
1.378 
0.299 
8.387 
0 . 3 8 5  
0.242 
4.593* 
34.548* 
1.589 
Variance 
Component 
0 .180  
1.715 
0.023 
Total 119 67.730 
*p<.025 
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Table 5. Euncan's Multiple Range Test applied to the 
treatment means 
Ccntrol 0.5 mg, 2.5 mg. 5.0 mg. Shortest 
Significant 
Means 2.44 2.56 2. 66 2.94 Ranges 
Ccntrcl 2.44 .12 . 22 .50 R4= .400 
C.5 mg 2.56 . 10 .38 F3= .392 
2.5 m g 2.66 .28 E2= .376 
Ccntrol C.5 mg. 2.5 mg. 5.0 mg. * 
•Any twc means not underscored by the same line are 
significantly different, p <.01. 
Table 6. luncan's Multiple Range Test applied to the 
prcfclem means 
rEOhlëiû Shortest 
Significant 
Means 1.94 2. 30 2.72 2.79 3.51 Ranges 
C 1.94 . 36 .78 .85 1.57 R5= .534 
Z 2=30 .40 -'4 9 1.21 54= . 523 
4 2.72 .07 .79 R3= .509 
3 2.79 .72 S2= .488 
1 * 
*Any two means not underscored by the same line are 
significantly different, p <.01. 
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Table 7. Correlation between weekly blood dieldrin levels 
and number of days to criterion on the problem 
being learned 
Blood Dieldrin 
Ercblem 
3 
s 
First Week 
. 37 
.65* 
.53* 
Second Week 
. 40 
. 6 6 *  
*p<.025 
lable 8. Corielaticns between blood dieldrin levels 
and body weight (N=18, controls not included) 
Week 1 
2 
3 
4 
-.48* 
-.45* 
-.41 
-.48* 
-.40 
*p<-05. 
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PROBLEM S 
Figure 8. Ccse response curve for visual discrimination 
performance on Problem four. The curve is based 
cn the following numbers of sheep and exposure 
levels: 6 at 5 mg/kg, 6 at 2.5 mg/kg, and 6 at 
0.5 mg/kg. The 0 represents the mean number of 
dajs to protlem criterion for each dosage level. 
The line represents a linear regression fit of the 
data. (Y = 7.51 + 6.48Log X) 
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îable 9. Analysis of variance based on regression analysis 
cf number cf days to criterion for each problem 
ïrotlem Three 
Source df SS MS F 
Eegression 
Eesidual 
2 
15 
16.18 
170.31 
8.09 
11.35 
.71 
Total 17 186.50 
Erofclem Four 
Source df SS MS F 
Eegression 
Besidual 
2 
15 
132.53 
150.06 
66.26 
10.00 
6.62* 
Total 17 282.60 
Eroblem Five (Eelearn problem two) 
Source df SS MS F 
Eegression 
Besidual 
2 
15 
12.23 
78.67 
6.12 
5.25 
1.16 
Total 17 91.11 
*p<.025 
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DISCUSSION 
It should first be emphasized that this visual discrimi-
taticn task was implemented to evaluate the sensitivity of 
the visual task for lower drug levels. It was hypothesized 
that dieldrin would retard acquisition of new visual problems 
and inhibit retention of a previously learned problem with 
the degree of interference being positively related tc the 
dosage. Four dependent variables ( latency of correct re­
sponses, latency of incorrect responses, number of correct 
trials per day, and number of days to criterion for each 
problem) were observed in an attempt to evaluate the 
sensitivity cf different physiological and psychological 
indices. 
ïhe poor fit obtained on the latency scores indicated 
that the latency scores were unstable and unreliable. Howev­
er, the behavioral situation may have contributed to this 
variability. In the operant chamber, the sheep could move 
freely and was net forced to look at the visual stimuli. In 
some cases, the sheep was not facing the projection screens 
when the stimuli appeared. All animals responded in the 
testing situation. Sometimes, prolonged dieldrin exposure 
affects eating behavior. However, all animals readily ap­
proached and ate from the focd hopper. Thus, in this free 
operant visual situation, latency scores were not reliable 
dependent variables. 
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îhe analysis of variance on the square root of the num-
ter of cays tc criterion showed that dieldrin exposure 
interfered with the learning of new visual discrimination 
problems. Ihe disruption of performance in this experiment 
is comparable to results of Van Gelder (1971) who found that 
a progressively greater number of days was required to pro­
duce a behavicral disruption on the vigilance task at lower 
drug levels (C.5 mg S 2.5 mg) than at higher drug levels (5,0 
mg S 20 mg). 
However, in this experiment only the highest dieldrin 
level differed from the control group. The time allowed for 
learning problems may have limited the sensitivity of the 
task at the Icwer drug level. At the 0.5 mg/kg level, a be­
havioral disruption on the vigilance task occurred after 37 
days cf exposure. In the present experiment, the time se­
quence allowed 37 days for learning new problems and 10 addi­
tional days for relearning problem two. Thus, the time 
period allowed for a behavioral decrement was limited, and 
the sensitivity of the visual task for new learning was prob­
ably limited fcy the lumber of visual problems. If behavioral 
disruptions in performance for the C.5 mg group occur after 
37 days of exposure, then an accurate evaluation of dieldrin 
effects on learning new visual discrimination problems at low 
dosages can only be assessed if additional problems are in­
cluded in the behavioral sequence. Increasing the problem 
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sequence will enable longer term evaluation of subtle drug 
effects. The addition of several new visual problems could 
increase the sensitivity of the visual task for even lower 
drug levels. 
The significant negative correlations between weight and 
llocd dieldrir levels corresponded to results of Stickel et 
al. (1969). Although the correlation between days tc criter­
ion and blood dieldrin levels was not exceedingly high, this 
correlation could probably be increased by matching animals 
cn the basis cf weight, k considerable range existed in tody 
weights within each croup and this storage variability was 
also reflected in weekly blood dieldrin levels within each 
group. Use of a more homogeneous sample would remove varia­
bility associated with individual differences in storage 
capacity and would assure more consistent drug effects within 
each drug level. 
The variations in blood dieldrin levels within and 
across drug groups was evident also in the appearance of 
clinical signs. The first signs cf clinical toxicity were 
exhibited by sheep 468 (5 mg/kg) after 10 days of exposure, 
ether animals in the 5 mg group (463, 450, & 461) apparently 
had convulsive seizures. Although the seizure activity was 
ict observed directly, the animals showed signs of having had 
convulsive seizures. Normally, sheep have a uniform white 
color fleece. However, during convulsive seizures the animal 
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xclls on its side. îhis activity in the holding pen is evi­
dence ty the discoloxation of the fleece. 
The degree of clincial toxicoses as described by Conley 
(1960) and Jacer (1910) varied considerable within and be­
tween drug groups. fill the animals in the 5.0 mg and 2.5 mg 
groups displayed seme type of clinical signs (primarily 
hyperirritafcility and muscle tremors) by the termination of 
the experiment. None of the 0.5 mg animals showed any 
clinical signs. However, sheep 473 (0.5 mg/kg) had a 
laryngeal infection and received medication during problem 
four. 
The dose-response curves calculated on the number of 
days to criterion for each problem reflected the trend in the 
dcse-response curve calculated for the vigilance task (Van 
Gelder, 1971). The dose-response curve from the operant 
vigilance task revealed that progressively more time was re­
quired to demonstrate behavioral decrements at lower dosages. 
Since tfce dose-response curve for problem three reflected 
only the data from the initial period of low exposure, the 
lack of fit ot the regression analysis for problem three can 
fce explained cn the iasis of the dosage level and short expo­
sure period. With lev dosages, longer periods of exposure 
were required before behavioral decrements occurred. Thus a 
good fit was obtained cn problem four after a longer period 
cf exposure for all dosage levels. 
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An imfcrtant aspect of this study was the selection of 
Tiisual problems. Past research by Sutherland (1961b) indi­
cated that visual prcfclems could be ranked on difficulty with 
simple figures and horizontal-vertical striations being 
easier than oblique striations, rotations, and horizontal 
inversions, ïhe Duncan's Multiple Range Test on the problems 
revealed that problem cne (simple figures) required signifi­
cantly more days for learning than the other problems. How­
ever, this result was expected due to the training procedure 
implemented. Since training cn problem one (simple figure) 
was used to establish the learning set for a simultaneous 
two-choice visual discrimination task, the learning rate on 
the other problems should be significantly faster than the 
initial learning rate. 
Inspection of the means of the control group (Appendix 
fl. Table 15) provided a ranking for comparison with other 
findings. The problem with the oblique striations was 
slightly mere difficult than the horizontal-vertical problem. 
This finding agrees with the results described by Macintosh 
acd Sutherland (1969), 
Previous research involving sheep (Gardner, 1945; 
iiddell, 1925) indicated that sheep were poor subjects for 
psychological research and had a learning ability consider­
ably below other mammals. However- the excellent performance 
cf the control sheep on the visual discrimination problems 
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confirmed the visual and learning ability of sheep (Seitz, 
1951). The use of an adequate habituation series as suggest­
ed by Seitz (1551) revealed that sheep have a visual discrim­
ination ability similar to other higher mammals. In addi­
tion, the rapid relearning cf problem two showed that sheep 
have excellent retention. Thus in the free operant visual 
situation, sheep are excellent subjects. 
Several suggestions may help direct further research. 
Cne appropriate modification would be to increase the number 
cf problems in the learning sequence. This modification 
would increase the sensitivity of the task for lower drug 
levels. À larger number of problems would also enable a more 
complete analysis of the visual ability of sheep. More com­
plex figures involving lateral and horizontal inversions 
Kculd increase the difficulty of the problem sequence. An­
other specific modification would be to match animals in drug 
groups on the basis cf weight. This procedure should in­
crease the correlation between blood dieldrin levels and be­
havior. 
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CONCLUSIONS 
The visual discrimination task was sensitive in evaluat­
ing fcehavicral decrements at different drug levels. The ex­
tensive training procedures allowed the animals to habituate 
to the testing situation, and all animals learned the initial 
discriminaticn problems. Thus, the visual and learning 
ability of sheep is comparable to other mammals when 
apropriate techniques are implemented. The most sensitive 
tehavioral index was the number of days to criterion for each 
problem. However, the drug level and number of problems in 
the behavioral sequence appeared to limit the sensitivity of 
tie task. A longer behavioral sequence with more problems 
would appear to be needed to evaluate lower drug levels (<0.5 
mg/kg). 
Behavioral decrements correlated positively with blood 
dieldrin levels, while a negative correlation existed between 
fclood dieldrin levels and body weight. However, considerable 
variations in blood dieldrin levels and body weight existed 
with each group, and more stringent matching procedures are 
suggested. 
The dose-response curve for the learning of new problems 
reflected the primacy characteristic of the auditory 
detection dose-response curve. High level exposures resulted 
in behavioral decrements more rapidly than low level expo­
sures. Thus a good fit was obtained on problem four after 
55 
all groups had been exfosed for a sufficient period of time 
tc produce behavioral decrements. 
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R E B I I E L R L L L R R R L L R I L R  
R B L R L L R R L L L R R L R R L I L R  
66 
Table 10- Blood dieldrin levels of animals during exposure 
(t<= 1 ppb dieldrin) 
day of exposure 
animal control 7 14 21 28 35 
ntrcls 
t t  t t t t 
470 t t t t t t 
451 t t t t 1.6 1.5 
475 t t t t t t 
464 t t t t t t 
496 t t 8 t t 9.6 
means t t 1.3 t t 1.8 
1 mg/kg 
495 t 39 51 70 68 110 
476 t 31 41 66 65 89 
480 1- 3 45 46 57 57 74 
485 26. 0 76 75 70 79 86 
473 t 88 93 109 144 231 
482 t 56 92 121 132 141 
means T.T ssTa" 6675"" 82TT 9078" l21 
2.5 mg/kg 
488 t 81 157 209 199 279 
469 t 150 213 335 385 386 
487 t 118 144 201 208 317 
414 t 184 211 342 365 395 
458 t 141 200 203 242 338 
2 t 89 100 169 154 206 
means "t 127. 1 "17078 "24371" 25878' 32071 
5-0 mg/kg 
468 t 412 645 596 1010 1070 
463 t 213 277 374 576 813 
457 t 293 370 408 529 644 
484 t 267 362 454 529 577 
461 t 238 366 499 488 640 
450 t 381 482 737 ,728 853 
means t 300.6 417.0 511.3 643.3 766. 
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Table 11, Correlations between weekly blood dieldrin levels 
Week 1 2 3 4 5 
1 o
 
o
 
2 .58** » o
 
o
 
3 . 57** .96** o
 
o
 
4 .S7** .98** .95** 1 .00 
5 . 97** .97** . 9 5** .98** 1.00 
**p<.G1 
5 m( 
495 
476 
479 
485 
473 
482 
5 m 
486  
469 
487 
474 
458 
2 
0 m 
468 
463 
457 
484 
461 
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Cumulative dosage record of exposed animals 
Ictal 
Weight Number of Days Cumulative 
(kg) of Exposure Exposure 
45.45 40 909.2 
47.95 40 959.2 
42.95 43 923.6 
49.C9 40 982.0 
43.86 40 877.2 
47.73 40 954.8 
58.86 40 5886.0 
41.14 41 4216.8 
42.95 40 4295.2 
40.91 40 4091.2 
47.27 40 4727.2 
47.73 40 4773.2 
34.55 26 4491.5 
48.64 34 8268.8 
47.73 41 9784.6 
44.09 40 8818.0 
45.91 34 7804.7 
41.61 40 8328.0 
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Table 13. Restricted X matrix used to generate 
orthogonal polynomials for regression analyses 
ofclem Y 1 Y2 Y3 Y4 
1 OC 02 -2 00 
2 0 1 00 03 00 
3 OC -1 -2 01 
4 OC 
-1 -2 -1 
5 -1 00 03 00 
1 
2 
3 
5 
6 
7 
6 
9 
1C 
11 
1 2  
13 
14 
15 
16 
17 
18 
19 
ubi 
204 
— 68 
2 8  
89 
120 
1 2 6  
120  
83 
44 
0 
-44 
-83 
112 
126 
1 2 0  
-89 
-28 
68 
204 
70 
Polynomial coefficients for days used in 
analyses 
linear quadratic 
-9 51 
-8 34 
-7 19 
— 6 6 
-5 -5 
-4 -14 
-3 -21 
-2 -26 
-1 -29 
0 -30 
1 -29 
2 -26 
3 -21 
4 -14 
5 -5 
6 6 
7 19 
8 34 
9 51 
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Table 15. Number of days to criterion for each problem 
Group 
Cent tels 
Problem Problem Problem Problem 
One Two Three Four 
Eelearn 
Problem 
Two 
452 7 4 7 3 3 
U7C 8 8 8 4 3 
451 10 3 5 8 3 
47 5 19 4 3 4 3 
464 13 7 7 5 3 
496 14 8 12 4 3 
Means 11.8 5.6 1 1 1 l-v
l 
lo
 
1 1 4. 6 3.0 
0.5 mg/kg 
495 9 4 4 3 3 
476 13 5 9 11 3 
479 7 5 7 9 6 
485 14 8 4 4 3 
473 16 4 8 8 3 
482 15 7 10 7 3 
Means 12.3 5.5 -«J
 
« o
 
7.0 3.5 
2.5 mg/kg 
48 8 8 4 10 3 3 
469 14 4 9 3 4 
487 15 6 14 6 3 
474 11 6 9 11 3 
456 18 6 9 15 3 
2 IJ 4 6 8 3 
Means 13.1 5.0 9.5 7.6 3.2 
5.0 mg/kg 
466 9 8 15 15 6 
46 3 14 4 7 15 10 
457 10 5 14 6 4 
484 18 4 4 11 3 
461 13 6 6 15 10 
450 15 6 8 14 3 
Means 13.1 5.5 9.0 12. 6 lo
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APPENDIX B 
SUtELEMEKTAflY INECRMATICN CN PRELIMINARY RESEARCH 
COBRECT 
73 
INCORRECT 
Vy 
A 
Figure 9. Visual stimuli from preliminary study on 
stimulus difficulty 
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Table 16. Data from preliminary study on difficulty 
of visual discrimination problems 
Problem Set Sheep Days To Mean Days To 
Criterion Criterion 
368 13 11.3 
379 7 
386 14 
368 6 7.3 
379 7 
386 9 
368 3 3.6 
379 4 
386 4 
368 5 5.0 
379 5 
386 5 
368 4 6,7 
379 9 
386 7 
Jdo 12-
379 131 
386 131 
368 3 3.0 
379 3 
386 3 
iDid net learn problem 
75 
Ereliffiinary Study on the Effects of Dieldrin on 
an Operant Visual Discrimination Task in Sheep 
Sis two-year old ewes of Columbia-Raraboullet cross 
were trained to discriminate between two simultaneously 
presented gecmetiic stimuli. In the first phase all 
animals learned two problems. In the second phase 
three animals were exposed to 5 mg dieldrin/kg body 
weight daily and the other animals served as unexposed 
controls. All animals received 40 trials a day, and 
the criterion for learning was 70% or above for three 
successive days. The number of days required to learn 
the prctlems are presented in Table 4. The problems 
are presented in Figure 11. Sheep 400 died during ex­
posure, from a laryngeal infection. all animals dis­
played a learning set with successive problems 
requiring less time to learn. The control animals dem­
onstrated complete retention during the relearning 
phase. The exposed animals (375, 385) required a long­
er time to learn problem 3 as well as relearn problem 
1 .  
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Table 17. Number of days to criterion on visual 
discrimination problems 
Group 
Phase 1 
Problem 
Phase 2 
Relearn 1 
Ccntrcls 
379 
368 
386 
1 
13 
14 
7 
6 
9 
4 
3 
4 
3 
3 
3 
Mean 1 1. 3 7.3 3.6 3.0 
5.0 mg/Jtg 
400 
375 
385 
8 
16 
2 6  
10 
4 
4 
4 
101 
6 
7 
8 
Mean 16.6 6 , 6  7.5 
^Training discontinued after 10 days, no evident signs of 
learning. 
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1. 
COEBECT INCORRECT 
2 .  
3. nil 
Figure 10. Visual stimuli for preliminary study 
the effects of dieldrin on operant 
visual discrimination in sheep 
of 
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APPENDIX C 
DGSE RESPONSE CURVE FOE OPERANT VIGILANCE TASK 
Figure 11. Ccse response curve for operant vigilance 
performance of sheep exposed to dieldrin. The 
curve is based on the following numbers of sheep 
and exposure levels; 7 at 20 mg/kg, 5 at 5 
mg/kg, ^  at 2.5 mg/kg and 5 at 0.5 mg/kg. The 
exposure levels are plotted on a log scale. The 
data is represented as the mean number of days 
of exposure to dieldrin required to produce be­
havioral decrements below 70% and 50% correct 
responses. The lines represent a linear 
regression fit of the data. The . represents 
the observed values for the 50% criterion and 
the X for the 70% criterion. (Reproduced from 
Iowa Ccmmunity Pesticides Study. Annual 
Progress Report No. 5. By G. A. Van Gelder. 
Subcontract No.: PHS 86-66-NEG-26. 1971) 
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